intra-/inter-observer reliabilities for the computer-based method were almost perfect (inter-observer ICC, 0.966-0.983; intra-observer ICC, 0.954-0.996). Contrary to this, intra-/inter-observer reliability for SHS by experts was moderate to almost perfect (inter-observer ICC, 0.556-0.849; intra-observer ICC, 0.589-0.839). The results suggest that our computer-based method has high reliability to detect finger joint space narrowing progression in RA patients.
Introduction
Rheumatoid arthritis (RA) is an autoimmune disease of unknown cause characterized by chronic inflammation of the synovial joints. The resulting joint pain and stiffness may cause impaired function, and for the majority of cases, the progressive synovitis will lead to permanent damage to articular cartilage and bone [1] .
Radiograph is the most common modality to assess the degree of the RA progression in daily practice [1] . It is superior to other imaging methods in terms of simplicity, covering a wide range of anatomy, and at relatively low cost and limited harmfulness [2, 3] .
Among methods developed to score the radiographic progression of RA, one of the modifications of the Sharp method, the Sharp/van der Heijde Scoring (SHS) method, is widely accepted in a number of clinical trials [4] [5] [6] . This method has advantages in terms of sensitive scoring for changes in structural damage [1, 7] . However, these assessment methods require further study to assess accurately and have a disadvantage in terms of inter-or intra-observer Abstract The joint space difference index (JSDI) is a newly developed radiographic index which can quantitatively assess joint space narrowing progression of rheumatoid arthritis (RA) patients by using an image subtraction method on a computer. The aim of this study was to investigate the reliability of this method by non-experts utilizing RA image evaluation. Four non-experts assessed JSDI for radiographic images of 510 metacarpophalangeal joints from 51 RA patients twice with an interval of more than 2 weeks. Two rheumatologists and one radiologist as well as the four non-experts examined the joints by using the Sharp-van der Heijde Scoring (SHS) method. The radiologist and four non-experts repeated the scoring with an interval of more than 2 weeks. We calculated intra-/interobserver reliability using the intra-class correlation coefficients (ICC) for JSDI and SHS scoring, respectively. The reliability. Sharp et al. [8] reported that the variability in scoring radiograph abnormalities is considerable (inter-reader variability scores assessed by using the intra-class correlation coefficient (ICC) range between 0.465 and 0.999).
Computer-based methods may be more sensitive than traditional methods such as SHS [9] [10] [11] [12] [13] . Their methods are significantly performing well in terms of accuracy and sensitivity. However, all existing methods suffer from the definition of upper edge of joints (proximal end of basal phalanx when metacarpophalangeal (MP) joint is concerned) as it tends to be a broad bright band, making its definition ambiguous on radiographs [14] . To overcome this constraint, we built a hypothesis that a new computerized method using temporal subtraction technique could be a preferred means to detect joint space narrowing, because defining the distal contours of MP joints is not needed for the assessment of JSN progression. Along with this hypothesis, our study group developed a computer-based quantification of joint space width difference using temporal subtraction which can detect joint space narrowing (JSN) progression between two sequential radiographic images which we call the joint space difference index (JSDI) [15] . Ichikawa et al. examined JSN progression of 27 RA patients treated with tocilizumab and disease-modifying antirheumatic drugs (DMARDs) by using a computer-based method. Assessments were carried out by non-experts who had no knowledge such as characteristics of the RA disease or details of the current measurement procedure. They confirmed that when the SHS score increased between baseline and follow-up images, the JSDI tended to demonstrate higher values [16] . However, this computer-based method has not been fully validated in terms of reliability; it includes subjective manual aspects such as region of interest (ROI) setting and image superimposing. Reliability relates the magnitude of the measurement error in observed measurements to the inherent variability in the 'error-free,' 'true' or underlying level of the quantity between subjects [17] . Thus, the purpose of this study was to investigate the reliability of the computer-based method by non-experts by comparing with the SHS method by experts in RA patients.
Materials and methods

Patients
In this study, 51 RA patients who underwent bilateral hand radiography at baseline and at 1-year follow-up were included. Demographic characteristics of the patients are shown in Table 1 in detail.
The study was conducted in accordance with the Declaration of Helsinki [18] and was approved by the local ethics committee. Informed consent was obtained from all patients by word of mouth, and no patient refused to be included in this study.
Radiograph acquisition
All radiographs including baseline and follow-up were acquired using X-ray equipment (Toshiba KXO-50G, Tokyo, Japan) under the following routine conditions: no X-ray aluminum filter, film-focus distance of 1 m, tube voltage of 45 kV, tube current of 250 mA and exposure of 0.014 s. All radiographs were digitized as digital imaging and communication in medicine (DICOM) images with a 0.15 × 0.15 mm pixel size at 10-bit gray scale.
Joint space narrowing evaluation using Sharp-van der Heijde score
Two rheumatologists and a radiologist who have abundant assessment experience assessed JSN progression using SHS.
Their scoring results were treated as the gold standard in this study. The method of assessment for joint space narrowing was scored as follows: 0 = normal; 1 = focal or doubtful; 2 = generalized, >50% of the original joint space left; 3 = generalized, <50% of original joint space left or subluxation; and 4 = bony ankylosis or complete luxation [19] .
Computer-based measurement for joint space narrowing progression
The computer-based method can detect the difference in joint space width between the baseline image and the follow-up image with the JSDI. The software was developed with Microsoft Visual C++ 2008 using the Microsoft Foundation Class (MFC) Library. After reading the baseline and follow-up X-ray images into the software, a fused image is created by first copying each pixel value from the baseline image to the blue and green channels of the fused image. The pixel values from the follow-up image are then copied to the red channel of the fused image. This method visualizes JSN progression between the baseline image and the follow-up image by displaying narrowing with a red shadow. If there were no changes in joint space width between the baseline and the follow-up images, the joint space in the fused image was visualized as a gray shadow. The JSDI is defined as the average absolute value of the difference of the pixel value in each pixel for baseline and follow-up images inside the region of interest (ROI) (Fig. 1) .
The computer-based method assessed the JSN progression of MP joints, using the SHS method assessed by experts as the standard of reference on bilateral hand radiographs. The main aim of the assessment using our computer-based method was to detect small joint space narrowing progression at a relatively early joint destruction stage. We thus performed analyses after excluding joints with subluxation or dislocation, determined by a majority vote of experts.
The measurement procedure was performed as follows. First, the software reads the two radiographs for each case and superimposes the baseline image on the follow-up image, assigning cyan to the baseline and red to the follow-up image. Second, the contour of proximal phalanx is superimposed more accurately. Finally, a rectangular ROI with a size of 60 × 20 pixels is set manually in the center of the joint space. The horizontal ROI borders are approximately parallel to the joint edges. The JSDI is then calculated from the base and follow-up pixels within the ROI.
Flow of assessment by SHS and computer-based method
Three experts and four non-experts performed SHS analysis. One radiologist and four non-experts performed SHS analysis twice with an interval of 2 weeks for the purpose of intra-observer reliability. In the same way, four nonexperts performed computer-based analysis twice with an interval of 2 weeks. These intervals were set to assure reproducibility accuracy (Fig. 2) .
Statistical analysis
Statistical analyses were calculated with the use of SPSS 
Results
The intra-/inter-observer reliabilities using the computerbased method by non-experts were almost perfect (interobserver ICC for the first session, 0.966; inter-observer ICC for the second session, 0.979; intra-observer ICC, 0.976) ( Table 2) . We identified 93 joints with advanced JSN/subluxation/dislocation/ankyloses by majority vote of three experts (two rheumatologists and one radiologist). After excluding 93 out of a total of 510 joints, the intra-/inter-observer reliability using the computer-based method was again almost perfect (inter-observer ICC for the first session, 0.969; inter-observer ICC for the second session, 0.983; intra-observer ICC, 0.977) ( Table 2 ). The intra-/inter-observer reliabilities using SHS by experts were also almost perfect (inter-observer ICC for baseline images, 0.846; inter-observer ICC for follow-up images, 0.849, intra-observer ICC for baseline images, 0.839; intraobserver ICC for follow-up images, 0.836) ( Table 3) . After excluding 93 out of a total of 510 joints with advanced JSN/subluxation/dislocation/ankyloses scored by two rheumatologists and one radiologist from the reliability assessment, the intra-/inter-observer reliabilities using SHS by experts were moderate to substantial (inter-observer ICC for baseline images, 0.568; inter-observer ICC for followup images, 0.556; intra-observer ICC for baseline images, 0.617; intra-observer ICC for follow-up images, 0.589) (Table 3) . Finally, intra-/inter-observer reliabilities for delta values (difference between baseline and follow-up) by experts using SHS were poor to slight (all joints: interobserver ICC, 0.116, intra-observer ICC, −0.063. After exclusion: inter-observer ICC, 0.137, intra-observer ICC, −0.039) ( Table 4 ). The calculation of coefficient of variations (CV) for all the analysis is shown in Table 5 , which demonstrates that our computer-based method has smaller and stable CV compared with SHS.
Discussion
Radiographs are a suitable outcome measure in patients with rheumatoid arthritis [19] . The images reflect the history of the joint pathology and provide a permanent record necessary for serial evaluation of the disease [19] . Use of scored radiographs as an outcome measure can help estimate the progression of rheumatoid arthritis [21] . The most commonly used methods are the Sharp method, one of its modifications being the Sharp-van der Heijde Scoring (SHS) method, and the Larsen method with modifications [22] . All these methods require trained readers to obtain Table 2 Intra-/inter-observer reliability using computer-based method Range of ICC is not given for Inter-ICC because this statistical analysis for 4 raters was performed simultaneously. Intra-ICCs were given as mean (range) of combination pairs sufficient reliability, making them difficult to use in clinical practice. Additional disadvantages for their use in clinical practice include time consumption and cost [21] . We have developed a computer-based method for the assessment of joint space width difference which can objectively detect slight JSN between two images and compute the joint space difference index (JSDI) using a temporal subtraction technique [15, 16] . This method allows the objective and quantitative assessment of JSN progression in patients with RA with high sensitivity and specificity [15, 16] , using a conventional scoring method as the standard of reference. However, the repeatability or intra-/ inter-observer reliability of this method has not been fully examined previously.
We therefore assessed the intra-/inter-observer reliability of this computer-based method between non-experts (those who are not rheumatologist or radiologist and have no experience in reading hand radiographs) in 510 MP joints of 51 RA patients and found intra-/inter-observer reliability was almost perfect, while two rheumatologists and one radiologist were also invited to compare the reliability of conventional scoring and intra-/inter-observer reliability was also almost perfect. On the other hand, after excluding joints with advanced JSN/subluxation/dislocation/ankyloses, intra-/inter-observer reliability for the computer-based method remained almost perfect, but that of the experts was between moderate and substantial. This may mean that the reliability of our computer-based method analyzed by non-experts is equal to or higher than that of the conventional scoring by experts.
As was expected, reliability of conventional scoring by experts was higher than that by non-experts. However, reliability of delta values (score difference between baseline and follow-up) for conventional scoring was poor to slight for both between experts and non-experts. Low reliability of delta values for conventional scoring between experts may be explained by the fact that all of these experts are practicing at different institutions and had little time to practice ahead of the experimental reading. Also, images were provided in chronological order, not in pair for comparison, which is more prone to scoring errors.
Limitations to our study are: Firstly, reproducibility assessment of JSDI using the conventional scoring method as the standard of reference was not possible due to the small number of joints with JSN progression. Although reproducibility assessment of JSDI was successfully demonstrated in previous papers, we may need to be careful in interpreting the results of this study. Secondly, reliability was investigated on a joint-by-joint basis in this study. Conventional scoring methods provide the score as the summation of each joint score (for example, SHS for JSN ranges from 0 to 120 in the hands) [19] , making it difficult to directly compare the reliability. Considering the superior reliability results of experts to those of non-experts, we believe the reliability of the scoring by experts is acceptable.
In conclusion, high reliability of our computer-based method for detecting JSN progression between non-experts was suggested. This result confirms the feasibility of JSN progression analysis by non-experts.
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